During the experiment th pH was checked daily and found to range from 6.5 to 7.5 with NO,--N and 6.5 to 5.0 with NH,'-N.
In greenhouse experiments we observed that during periods of high transpiration tomato plants growing with ammonium as a nitrogen source wilted severely. These plants regained turgidity at night and did not appear to be under stress on cool or cloudy days. This observation suggested that ammonium interferes with the absorption or movement of water in the tomato plant. Recent studies by Stuart and Haddock (4) with excised sugar beet roots indicate that ammonia inhibits water uptake. In this study we attempted to determine if ammonium (NH,) in solution culture would have a similar effect on tomato. During the experiment th pH was checked daily and found to range from 6.5 to 7.5 with NO,--N and 6.5 to 5.0 with NH,'-N.
MATERIAILS AND METHODS

Tomato (Lycopersicon esculentum
The rate of water uptake by intact plants was determined by measuring the decrease in solution weight over a 24-hr lightdark period. Water uptake by excised tops was determined by decapitating the plant under water approximately 5 cm above the root system and immersing the stem in a 250-ml flask of deionized water. The amount of water lost was measured from the flask over a 3-hr light period at mid-day.
The volume of exudate per plant was measured at mid-day over a 3-hr period with the root system exposed to the solution in which the plant grew. The aerial portion of the plant was decapitated 5 cm above the root system, and a 10-ml pipette was attached directly to the stump with Tygon tubing.
Leaf water potential was measured by the dye method described by Knipling (2) . Samples consisting of 10 leaf discs 2 cm in diameter were collected at mid-day and immersed for a period of 2 hr in test tubes containing 10 ml of a series of sucrose solutions.
All experiments were conducted in a controlled environment growthroom (1800 ft-c 16-hr photoperiod; 70% relative humidity; 24 C day, 18 C night).
RESULTS
The rate of water uptake (ml/gram fresh weight of plant) by tomato plants decreases as they develop. The rate at which uptake changes with increasing plant size or age varies with nitrogen source (Fig. 1) . Transferring plants from a NO-to an NH4* solution brings about a more rapid decline in water uptake. However, if after 5 days the plants are again returned to a solution containing only NO.--N, water uptake is rapidly restored to a rate equal to or greater than that for continuous NO--N. Recovery was much slower for plants exposed to NH4-N for 10 days.
This inhibition of water uptake by NH4' was further characterized by measuring the changes in leaf water potential, root pressure, and water uptake by excised tops. Leaf water potential gradually decreased with increasing age for plants grown continuously on NO.--N (Fig. 2) . Transferring the plants to a solution containing NH,+-N greatly decreases water potential, and after 10 days on NH,+ the water potential is twice as low as that of NO3-plants. Returning the plants to NO.--N increases the leaf water potential of plants previously exposed to NH+ for either 5 or 10 days.
Exudation volume per gram fresh weight of root declines with age, and there is less exudate from plant roots exposed to the NH4+ solutions (Fig. 3) . The recovery of plants exposed to NH4, for 5 days is immediate and after only 1 day on NO,- excised tops are shown in Figure 4 . Again, as was the case with the whole plant, the rate of water uptake per unit fresh weight declines for both NO3-and NH4' plants with increasing plant age. Exposure to NH4+ decreases water uptake by excised tops to a greater extent than does NO3-. Returning the plants to a NO3-solution after exposure to NH4+ for 5 and 10 days results in a gradual recovery in the rate of water uptake; however, the recovery is not nearly as complete as in the case of whole plants (compare Fig. 1 ).
DISCUSSION
It is evident from this investigation that NH4+-N alters the physiological mechanisms involved in uptake and movement of water and may be a controlling factor leading to physiological and morpohological disorders restricting its utilization as a prime source of nitrogen in solution culture. The inhibitory effect of NH4+ on water uptake may involve two mechanisms. NH44 may directly interfere with water uptake, a process which is readily reversible by NO3--N and, second, NH4+ may cause an anatomical and physiological change requiring a considerably longer period for recovery. Slatyer (3) suggested that the short term reversible effects of inhibitors are a result of membrane impairment whereas the long term nonreversible inhibition of water uptake is a result of a change in membrane structure.
Stuart and Haddock (4) indicated that the inhibiting effect of NH4+ on sugar beet roots occurs only when the pH is sufficiently high (above 7) to cause the production of NH,. It would appear, however, that in our experiments the inhibition of water uptake is a result of NH4+ rather than NH. as the solution pH never exceeded 7. The initial pH was 6.5, and it decreased to a somewhat lower level during the experiment.
If the decreased leaf water potential of plants receiving NH4+ nutrition resulted from root impairment, as might be suggested by the reduced volume of root exudate from decapitated plants, one would expect water uptake by excised tops to exceed that of control plants. However, as with intact plants, water uptake was depressed by NH4+ nutrition. When plants were transferred from an uptake solution containing NH4+ to one containing NOV-, water uptake recovered faster than water potential. This would suggest either that stomatal closure was impaired or that osmotic potential was decreased under NH4+ nutrition. Since neither stomatal aperture nor osmotic potential was measured in these experiments, it is not possible to determine which factor contributed to the differential response. 
